THE ADDITION OF A SINGLE PHOSPHATE group to a protein can cause dramatic and varied changes in its function: it can change an ion channel's open probability (31) , trigger the activation of an entire signaling cascade (17) , or cause a protein to translocate to the cell surface (30) . Phosphorylation is a particularly efficient way to regulate cell signaling, in that the effect is rapid and the modification can be quickly reversed, allowing for dynamic regulation. Indeed, phosphorylation is the most evolutionarily conserved posttranslational modification and is key for proper function of cells found in the kidney. The renal cortex of the kidney comprises a variety of epithelial cells [including proximal tubule, thick ascending limb, distal convoluted tubule (DCT), and cortical collecting duct cells], all of which have a primary transport function (Fig. 1) . In addition, the renal cortex contains the podocytes and mesangial cells of the glomerulus. While the proximal tubule and thick ascending limb mainly function in reabsorption, the more distal nephron segments (the DCT, connecting tubule, and collecting duct) have important roles in reabsorption and secretion. By volume, the vast majority of the cells in the cortex are proximal tubule cells. Proximal tubules have highly developed dense apical brush border membranes, which aid in reabsorbing two-thirds of the glomerular filtrate, while the more distal segments have a much smaller surface-to-volume ratio.
As the primary function of the renal epithelial cell is regarded to be transport, it is interesting to note that the majority of renal transport proteins have been found to be regulated by phosphorylation (Table 1) . Electrolyte transport can be regulated in several ways: by changing the number of transporters, by altering their localization within the cell, or by directly modulating the activity of each individual transporter (or transporter-associated protein). In addition to the role of phosphorylation in regulating normal renal function, aberrant phosphorylation can provoke disease. For example, recent advances in the understanding of the WNK (with-no-lysine) kinases have made it clear that a disruption in the normal careful regulation of proteins by phosphorylation can lead to hypertension (as well as altered acid-base and potassium homeostasis). It is now appreciated that renal salt handling is so critical to blood pressure regulation that nearly all monogenic forms of hypertension (and hypotension) are renal in origin. These monogenic forms of hypertension typically involve a mutation in a transporter that is involved in renal salt handling or a kinase that regulates the transporter. Mutations in WNK4, for example, result in dysfunction of at least three separate transporters because of changes in phosphorylation status, all of which are known to be important players in renal electrolyte handling (14) . Therefore, understanding phosphorylation, especially in the renal cortex, can yield important clues about not only cellular function and organization but, also, whole animal physiology in health and disease.
To understand signal transduction pathways in the kidney, therefore, it is imperative that phosphorylation sites be identified. While an important focus of the field of systems biology has been to enumerate the proteins expressed in a given tissue, systems biology approaches can also be used to identify phosphorylated peptides. The study by Feric et al. (8) in this issue of American Journal of Physiology-Cell Physiology has undertaken this task for enriched plasma membranes from the renal cortex (Fig. 1) . In a large-scale analysis, Feric et al. identified 743 unique phosphorylation sites in the cortical membranes, about half of which were novel. They further expanded their analysis by mining peptides representing 1,817 unique unphosphorylated proteins. Given the important role of the renal epithelial cells in facilitation of carefully regulated transport, it is not surprising that many phosphorylation sites identified in this study were found in transport proteins or in transporter regulators.
Feric et al. (8) examined the potential significance of each site by two approaches. 1) They examined the conservation of each of the phosphorylation sites between various species as an indication of whether they were conserved evolutionarily (and, therefore, likely to be important for protein function). They occasionally found a phosphorylation site in a well-conserved region that itself was not well conserved, a finding that implies that the particular site may not be critical for protein function, as there is not selection pressure for its conservation. 2) They also analyzed the amino acids surrounding each site to identify any known functional motifs. In this way, they were able to identify sites that appear to be particularly appropriate for further study; for example, they identified a phosphorylation site in the second PDZ domain of Na/H exchanger regulatory factor 3 (NHERF-3) that appears to be situated in such a way that it may have profound effects on ligand binding. Because NHERF-3 is an important scaffolding protein highly expressed in the renal proximal tubule and known to complex with several renal proteins and transporters, this site is an excellent candidate for further study.
In addition to identifying intriguing sites for further study using these data analysis strategies, the findings of Feric et al. (8) provide insight into the function of important and familiar renal proteins. The Na-Cl cotransporter (NCC) is a protein expressed in the DCT segment of the nephron. NCC, in addition to being a target of the WNK4 kinase (18) , is also the target of the class of drugs known as "thiazides," which are considered first-line treatment for hypertension. Feric et al. 1) confirmed a previously identified site (Ser 71 ) on NCC and 2) identified a new site (Ser 124 ). Remarkably, the sequences surrounding these two sites are surprisingly conserved, hinting that the same kinase may be responsible for phosphorylating both sites.
The data generated by this analysis, which is available online (http://dir.nhlbi.nih.gov/papers/lkem/rcmpd/), offer a wealth of information that other researchers can utilize. One of the benefits of a study such as this is the massive amount of data generated. However, as more large-scale analyses are performed, the volume of data generated also presents the scientific community with unique challenges regarding how to best manage, annotate, and interpret these vast resources. The Knepper laboratory performed several previous systems biology studies and compiled a website for easy access to sortable databases of the results (http://dir.nhlbi.nih.gov/labs/lkem/rm/proteomics_db.asp). In order for these databases to truly be successful, however, other researchers need to take advantage of the resources and use them in conjunction with their own studies. To more fully understand the role of the individual nephron segments, we can now integrate knowledge gained from reductionist studies of individual proteins or pathways and from systems biology studies such as this one, as both types of studies are valid and necessary and inform one another.
In summary, Feric et al. (8) provide a wealth of data on the phosphorylation state of renal cortical proteins. In the future, it will be important to build on the findings of this study by expanding our understanding of the phosphorylation sites identified. For example, it would be extremely useful to identify which of these phosphorylation sites are dynamically regulated in response to various types of stimuli, such as changes in hormone levels or nervous system stimulation. In addition, it will be important to understand whether phosphorylation at these various sites inhibits or activates protein function, alters its trafficking, or changes the proteins with which it interacts. The present study has given us a solid foundation on which to build as we seek to better understand not only where but, also, how and why renal proteins are regulated by phosphorylation.
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